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Quantitatively reliable atomic pair distribution functions (PDFs) have been obtained from nano-
materials in a straightforward way from a standard laboratory transmission electron microscope
(TEM). The approach looks very promising for making electron-derived PDFs (ePDFs) a routine
step in the characterization of nanomaterials because of the ubiquity of such TEMs in chemistry
and materials laboratories. No special attachments such as energy filters were required on the mi-
croscope. The methodology for obtaining the ePDFs is described as well as some opportunities and
limitations of the method.
PACS numbers:
I. INTRODUCTION
One of the great challenges of nanoscience is to
obtain the quantitative structures of nanoparticles4,18.
The atomic pair distribution function (PDF) method
has recently emerged as a powerful tool for doing
this3,13,19,21,22,24,27–29, but obtaining the required high
quality diffraction data to high momentum transfer with
good statistics generally requires synchrotron x-ray or
spallation neutron data from a national user facility.
Here we show that data of sufficient quality for quan-
titative analysis of nanoparticle structure using the PDF
can be obtained from transmission electron microscopes
(TEM) available at many research institutions. Quanti-
tative structural models were applied to PDFs of several
nanoparticle systems showing that electron PDFs can be
modeled with the powerful emerging modeling tools for
studying PDFs in general5,15,25,32. This approach com-
plements medium and high resolution imaging methods
for studying nanoparticles in the TEM. The ease of data
collection and ubiquity of TEMs will make this an im-
portant tool in the characterization of nanostructured
materials.
A challenge when using electrons as a probe is that
they scatter strongly9,11 and not according to the weak
scattering kinematical scattering equations on which the
PDF analysis is based12,34. This would appear to rule out
electrons as a source of diffraction data for PDFs except
in the cases of very dilute, such as gas-phase31, samples.
However, kinematical, or nearly kinematical, scattering
is obtained from electrons when sample volumes are suf-
ficiently small that multiple scattering events are not of
high probability before the electrons exit the sample (typ-
ically a few nm of thickness), or when the scattering from
the samples is highly incoherent, for example the scatter-
ing from amorphous materials and away from zone axes
in a crystal35. In these latter cases there is still signifi-
cant multiple scattering, but it is sufficiently incoherent
that it can be treated as a background and subtracted
and the resulting coherent signal can be treated kine-
matically. This has been discussed in detail in a number
of publications1,2,7,20. This is used in the rapidly growing
field of electron crystallography35, and has been demon-
strated in previous work of electron diffraction (ED) from
glasses and amorphous materials7,8,17,23,26, though lit-
tle has been done in the way of quantitative modeling
in those studies. In these respects, the study of small
nanoparticles is particularly favorable. The samples are
inherently thin, limited to the diameter of the nanopar-
ticles when they are dispersed as a sub-mono-layer on
a holey carbon support, and the structure is typically
less coherent than from crystals because of the finite size
effects that significantly broaden Bragg peaks and the
often lower symmetries of nanoparticle structures due
to surface and bulk relaxations. In fact fortuitously,
the scattering is most kinematical precisely for the small
nanoparticles (< 10 nm) that are most beneficially stud-
ied using PDF methods3,13,19,21,22,24,27–29.
Here we show how to obtain PDFs from a normal trans-
mission electron microscope (TEM) found in many re-
search labs. We find that the resulting electron PDFs
(ePDFs) can be modeled to extract quantitative struc-
tural information about the local structure using PDF
refinement programs such as PDFgui15. This opens the
door to broader application of PDF methods for nanos-
tructure characterization since TEM is already a routine
part of the nanoparticle characterization process33,36.
With this development, as well as obtaining low and
high resolution TEM images of nanoparticles, quantita-
tive structural information, similar to that normally ob-
tained from a Rietveld refinement30,37 in bulk materials,
is also available from nanoparticles with little additional
effort. This approach also complements high resolution
TEM by getting an average signal from a large number of
nanoparticles rather than giving information from a small
part of the sample that may not be representative. The
fact that the real-space images and the diffraction data
2suitable for structural analysis can be obtained at the
same time and from the same region of material is also a
large advantage, resulting in more complete information
for the characterization of the sample. In some cases, the
small quantity of material required for ePDF, compared
to x-ray and neutron PDF measurements (xPDFs and
nPDFs, respectively), may also be a major advantage, as
well as the ability to study thin films.
Theoretical Background
The Fourier transform of X-ray or neutron powder
diffraction data yields the PDF, G(r) according to14
G(r) = (2/pi)
∫ Qmax
Qmin
Q[S(Q)− 1] sin(Qr)dQ, (1)
where the structure function, S(Q), is the properly nor-
malized powder diffraction intensity and Q, for elastic
scattering, is the magnitude of the scattering vector,
Q = 4pi sin(θ)/λ.13,34 The PDF is also related to the
atomic structure through
G(r) =
1
Nr
∑
ij
fi(0)fj(0)
〈f(0)〉2
δ(r − rij)− 4pirρo, (2)
where the sum goes over all pairs of atoms i and j sep-
arated by rij in the model. The form factor of atom i
is fi(Q) and 〈f(Q)〉 is the average over all atoms in the
sample. In equation 2, the scattering factors are evalu-
ated at Q = 0, which in the case of x-rays is the atomic
number of the atom. The double sums are taken over
all atoms in the sample. For a multicomponent system,
S(Q) can be written in terms of the concentrations, ci,
of the atoms13,34
S(Q) = 1 +
I(Q)−
∑
ci|fi(Q)|
2∣∣∑ cifi(Q)∣∣2 . (3)
In the case of electrons as a probe, the equations are the
same, providing the scattering can be treated kinemati-
cally9; however, the form-factor must be that appropri-
ate for electrons, fe(Q), which is the Fourier transform
of the electronic potential distribution of an atom. Note
that in the electron diffraction literature, it is common
to use s = 2 sin(θ)/λ = Q/2pi instead of Q for the in-
dependent variable in the scattering. The electron form
factor, fe(Q), is different to, but closely related to, the
x-ray form factor of the same atom, fx(Q), which is the
Fourier transform of the electron density. A useful rela-
tionship between fe(Q) and fx(Q) is
9
fe(Q) =
mee
2
2~2
(
Z − fx(Q)
Q2
)
, (4)
where me and e are the mass and charge of the elec-
tron, respectively, ~ is Plank’s constant, and Z the atomic
number. This equation does not give a definite value for
fe(Q) at Q = 0, but fe(0) can be calculated by extrapo-
lation or by using
fe(0) = 4pi
2me
2
3~2
(Z〈r2e〉), (5)
where 〈r2e〉 is the mean square radius of the electronic
shell of the atom.9 Figure 1 shows a comparison between
x-ray and electron form factors, fx(Q) and fe(Q) of Au.
In the case of single crystal ED, a rule of thumb is that
when the crystal thickness is greater than ∼ 300-400 A˚,
data reduction must be done based on the dynamical
diffraction theory which assumes the presence of coherent
multiple scattering components of electrons9. Depending
on the energy of the electrons, this thickness limit may
even fall below these numbers in the presence of heavy
elements9, and in the case of electron powder diffrac-
tion, the average thickness of crystallites in the speci-
men should also be less than a few hundred A˚ngstro¨ms
to avoid dynamical scattering effects.10 Coherent mul-
tiple scattering changes the relative intensities of Bragg
peaks from the kinematical structure factor values, redis-
tributes intensity to the weaker peaks at higher values of
Q8 and can allow symmetry disallowed peaks to appear in
the pattern. If Γ is the elastic mean free path of the elec-
tron, it has been shown that a PDF determined from a
polycrystalline Pt sample does not affect the positions of
the PDF peaks for D/Γ ≤ 5, where D is the particle size,
but it does affect the determination of coordination num-
bers2. Here we show that model fits may be good, even
in the presence of significant multiple scattering, while
refined thermal factors are underestimated, though it is
desirable to optimize experimental conditions such as to
minimize multiple scattering.
Incoherent multiple scattering can be observed in ED
patterns in the form of increased background9 which does
not affect the relative intensities of the Bragg peaks. This
is why, in the case of a less coherent structure, dynamical
scattering effects are less important.
In this study, all the specimens used were nanosized
samples: thin films, discrete nanoparticles, or agglomer-
ates of nanoparticles. In this case, the hope was that
multiple scattering would not introduce undue aberra-
tions into the kinematical diffraction pattern and a reli-
able PDF will result. We found this to be largely true
with an exception we discuss below.
II. EXPERIMENTAL
Nanocrystalline thin film, or dispersed nanoparticulate
samples, were distributed on a holey carbon grid and ED
data taken with a short camera length, to give the widest
Q-range, and a relatively large beam-size (2-5 µm diam-
eter) on the sample, to obtain the best possible powder
average. To improve the powder average different regions
of the sample were illuminated by translating the sample
under the beam. In other respects, the TEM was used
in a standard configuration using a CCD detector and
3no energy filtering and operated at 200 keV (wavelength,
λ = 0.025079 A˚).
All selected area ED experiments were carried out at
room temperature on a Hitachi H8100 200 KeV transmis-
sion electron microscope equipped with a Gatan Orius
SC600 CCD Camera (24mm x 24 mm active area). Typ-
ical exposure time per frame was around 0.3s. Form-
var coated 300 mesh copper grids (Electron Microscopy
Sciences) stabilized with an evaporated carbon film were
used to support the metallic films and nanoparticles. De-
position of gold on the carbon coated side of the TEM
grid was performed with a Denton Vacuum DeskIII sput-
terer and gave a uniform film. The thickness of the film
was measured in real time during the sputtering process
with the aid of a thickness monitor (Maxtek, Inc TM-
350). Part of the grid was masked during the deposition
and this masked area was used to extract the diffraction
intensity of the support. No differences were found in
the diffraction intensity data of the background (carbon
and polymer films) between different grids. Deposition
on the side of the grid that was coated with the polymer
gave Au nanoparticles with a wide range of sizes up to
∼ 100 nm. NaCl nanoparticles were deposited on a TEM
grid by a radio-frequency thermal evaporation method.
For comparison, x-ray measurements on Au nanopar-
ticles were carried out in the rapid acquisition mode
(RAPDF)6 using a Perkin Elmer amorphous silicon
2D detector at X7B beamline of National Synchrotron
Light Source (NSLS) at Brookhaven National Laboratory
(BNL). Nanoparticles in ethanol solution were loaded in
a 1 mm diameter kapton tube sealed at both ends, and
mounted perpendicular to the x-ray beam. The data were
collected at room temperature using the x-ray energy of
∼38 keV (λ = 0.3196 A˚). The data were collected in a
multiple 4 s exposures for a total collection time of 5 min.
To calibrate the conversion from detector coordinates
to scattering angle, it is necessary to measure the ED pat-
tern from a standard of known lattice parameters. The
software for reducing the data to 1D, Fit2D16 uses this
to optimize the effective sample-detector distance, find
the center of the Scherrer rings on the detector, and cor-
rect for aberrations such as any deviation from orthog-
onality of the detector and the scattered beam. Typ-
ical standards used by the program are Al2O3, CeO2,
LaB6, NaCl and Si. However, for the ED experiment it
is necessary to have a nano-sample standard to obtain
a good powder average. For this gold nanoparticles of
diameter ∼100 nm were used and a literature value of
4.0782 A˚ for the lattice parameter. The effective sample-
detector distance depends on the settings of the mag-
netic lenses used in the microscope. We assumed that
the energy of the electrons, 200 keV, is well known (re-
sulting in λ = 0.025079 A˚), though for the most accurate
results the electron wavelength should be calibrated us-
ing standard methods.Once these calibration quantities
are known, they are fixed and the same values are used
to convert the sample data. From this perspective it
is essential that the sample is measured under identical
conditions as the standard, including camera length and
focus. We found that even scanning around a sample to
find a different viewing area resulted in a small varia-
tion in the position on the detector of the center of the
resulting diffraction pattern. It was thus necessary to
run a separate calibration run on each diffraction pat-
tern to determine the center of the rings, while keeping
the camera-length from the Au calibration.
III. DATA ANALYSIS
The 2D ED images were read and integrated into 1D
powder diffraction patterns, after masking the missing
beam stop region. The data have to be further pro-
cessed to obtain the PDF. Corrections were applied to the
raw data to account for experimental effects and prop-
erly normalized and divided by (〈fe(Q)〉
2)13, resulting in
the total scattering structure function, S(Q). The kernel
of the Fourier transform is the reduced structure func-
tion, F (Q) = Q[S(Q) − 1]. We used a home-written
program, PDFgetE, to carry out these steps. The PDF
is then straightforwardly obtained as the Fourier trans-
form of F (Q) according to Eq. 1, which is also carried out
in PDFgetE. Once the PDFs are obtained, they can be
modeled using existing PDF modeling programs. Here
we used PDFgui15.
IV. RESULTS
A low resolution TEM image of the 2.7 nm thick Au
film is shown in Fig. 2(a). The film is uniform and fea-
tureless in the image, but a region at the edge of the
film was selected for imaging so that the edge of the film
gives a visual cue to its presence. An ED pattern from
a position away from the edge of the film is shown in
Fig. 2(b). We can see a series of concentric circles due
to the Scherrer powder diffraction rings in transmission
geometry. The resulting 1D ED pattern, obtained by in-
tegrating around the rings in the 2D pattern is shown in
Fig. 2(c). Broad diffuse features are observed consistent
with the nanocrystallinity of the sample. Weak features
are clearly evident up to Q = 12 A˚−1 (Fig. 2(c) inset),
but less apparent beyond that point.
The F (Q) from the same data after correction is shown
in Fig. 3(a) and the resulting ePDFs in Fig. 3(c), with
the calculated PDF from a model of the gold fcc struc-
ture plotted on top in red. For comparison, in Fig. 3(b)
and (d) we show the x-ray derived F (Q) and xPDF, re-
spectively. Unfortunately this is not a direct comparison
between identical samples. We were not able to collect
x-ray data from the same film as the ePDF as it was too
thin to get a sufficient signal in the x-ray measurement.
The structure functions of the electron and x-ray data
(Fig. 3(a) and (b), respectively) are clearly highly similar.
Features in the eF (Q) are broader than the x-ray case but
the features are all recognizable and have the correct rel-
4ative intensities. Likewise, the e- and xPDFs (Fig. 3(c)
and (d), respectively) are highly similar, with the fea-
tures in the ePDF of the nanoscale film being broader.
The quality of the fits is comparable for both the ePDF
and xPDF curves, with the ePDF giving a slightly lower
(better) agreement factor. The refined parameters are
presented in Table I. The breadth of the ePDF peaks are
accommodated in the model by giving gold very large
atomic displacement parameters (ADPs), twice as large
as those in the x-ray measured gold nanoparticles that
are already large. This indicates the presence of signifi-
cant atomic scale disorder in the film and is not coming
from the ePDF measurement itself. This is discussed in
greater detail below.
These results clearly demonstrate that quantitatively
reliable ePDFs can be obtained from nanocrystalline ma-
terials in a standard laboratory TEM. The counting
statistics from the electron data compare favorably to
those from the x-ray measurements (Fig. 3(a) and (b)),
despite the much shorter measurement time, suggesting
that ePDF determination could become a useful general
characterization tool during nanoparticle synthesis. Two
effects are clearly evident in the Q-space data: low Q-
space resolution and the rapid diminishing of the ampli-
tude of scattered features with increased Q. The latter is
likely to reflect real differences in the samples, with the
range of structural coherence being lower in the gold film
than the gold nanoparticles used in the x-ray experiment.
The lower Q-space resolution could be either a sample
or a measurement effect but this cannot be disentan-
gled without having a well characterized, kinematically
scattering, nanoparticle standard for ED, which doesn’t
currently exist. The sputtered gold film has an fcc gold
structure, like the bulk, but with significantly more disor-
der and a nanometer range for the structural coherence.
The ED data were taken with a standard CCD camera
and no filtering of inelastically scattered electrons. This
is the most straightforward protocol for data collection as
it is the standard setup in most laboratory TEMs. It is
expected to result in lower quality PDFs than those mea-
sured with energy filtered electrons because of the higher
backgrounds due to inelastically scattered electrons8. ED
data collected with an image plate detector are also ex-
pected to be higher quality due to the low intrinsic de-
tector noise and better dynamic range of that detector
technology. Thus, the resulting PDF shown in Fig. 3(c)
represents the baseline of what is possible without spe-
cialized instrumentation. The resulting F (Q) shows ex-
cellent signal to noise up to the maximum accessible Q-
range of 17 A˚−1, as evident in Fig. 3(a).
To explore the size limits for Au NPs to scatter kine-
matically, we collected data from larger, 100 nm Au
nanoparticles, and the results are also given in Table I
and Figures 4 and 5. Comparing the integrated 1D
diffraction patterns of the large NPs and the thin Au
film, Figs. 4(c) and 2(c), respectively, we see similar fea-
tures, but in the case of the NPs, the amplitudes of the
scattered intensities extend to much higher Q values, as
if there is a much smaller Debye-Waller factor for the
data. This can be clearly observed by comparing the
eF (Q) of the large nanoparticles in Fig. 5(a) with those
from x-ray diffraction data, xF (Q) in Fig. 5(b). The en-
hancement in the high-Q features is large and is almost
certainly due to significant coherent multiple scattering
in this sample. The resulting ePDF from the NPs has
peaks that are correspondingly sharp compared to the
thin film gold and the xPDFs of gold NPs. Regardless
of the presence of significant multiple scattering, a model
was refined against the ePDF of the 100 nm Au nanopar-
ticles to see the extent that the refined structural model
parameters are affected. The structure refinement gave
fits that were slightly worse but comparable in quality
to the xPDF fits (see Table I), Rw = 0.24. The refined
values were similar also, except for much smaller atomic
displacement parameters (ADPs), due to the artificially
sharpened PDF peaks. It is somewhat remarkable that,
in this case, the dynamical scattering produces features
in the F (Q) with approximately the correct relative am-
plitude, but extending to much higher-Q. Not only are
the PDF peaks in the right position2, but have the right
relative amplitudes. Gold may be a special case because
the structure factors are all either ones or zero’s.
This clearly shows that for a strong scatterer such as
Au, 100 nm nanoparticles already give significant dy-
namical effects. The resulting PDFs give useful semi-
quantitative and qualitative information but the refined
thermal parameters are not reliable. Indeed, the effect of
the multiple scattering to increase the real-space resolu-
tion by boosting the intensities of the high-Q peaks makes
the PDF peaks sharper with the result that bond-lengths
can be extracted with greater precision from the ePDF
data in this case. When accurate PDF peak positions
rather than quantitative peak intensities are desired, this
could be a significant advantage of the ePDF method,
for example, when looking for small peak splittings, or
resolving peak overlaps, to aid in structure solution.
A less trivial structure factor is obtained from binary
compounds, such as the NaCl studied here. The TEM
image of the sample in Fig. 6(a) shows that it consists of
nanoscale crystallites, some of which have a cubic habit
and others that have no particular morphology. The cor-
responding ED pattern in Fig. 6(b) shows clear and fairly
uniform rings, with some spottiness from an imperfect
powder average. Fig. 6(c) shows the integrated ED pat-
tern. The F (Q) and the resulting ePDF obtained from
this data set is shown in Figs. 7(a) and (c), respectively.
For comparison, an xF (Q) and an xPDF obtained from
a bulk crystalline NaCl sample is also shown in Fig. 7(b)
and (d).
The rock-salt structure model fits to the PDFs are
shown in Fig. 7(c) and (d) and the results are presented
in Table II. The e- and xPDFs are qualitatively highly
similar, with all features in the xPDF easily recognizable
in the ePDF. Notably, the relative intensities of adjacent
peaks are similar between the e- and xPDFs. Peaks in
the ePDF die out in amplitude with increasing r more
5quickly, due to the broader features in the ED pattern.
The overall quality of the fit to the ePDF is worse than
the xPDF of bulk NaCl. Refined lattice constants agree
well within the experimental uncertainty. The ePDF re-
fined thermal parameters are much smaller than those
obtained from the x-ray data. This is unlikely to be a
real effect as both the x-ray and electron data were mea-
sured at room temperature, and it is rather implausible
that the nanoparticulate samples have less static struc-
tural disorder than bulk NaCl. We therefore assume that
this is the effect of multiple scattering in the data, sim-
ilar to that observed for large Au NPs. Clearly, ADPs
refined from ePDFs present a lower bound on actual sam-
ple ADPs. They are accurate in the case where multiple
scattering is negligible, but underestimate the thermal
motions and static disorder in the presence of multiple
scattering.
V. DISCUSSION AND CONCLUSIONS
The Au and NaCl examples establish that quantita-
tively, or semi-quantitatively, reliable PDFs can be ob-
tained from nanomaterials using electron diffraction data
obtained on a standard laboratory TEM, without the
use of filtering. Because of the ease and speed of col-
lecting such data and the ubiquity of such instruments
in chemistry and materials laboratories, if the barriers
to data processing could be overcome making the whole
process straightforward, this could become a broadly ap-
plicable standard and useful characterization method for
nanoparticles and thin films.
This work also explores the experimental parameters
for obtaining good data for reliable ePDFs from nano-
materials. Principally, samples should be thin enough
or, for the case of nanoparticles, have a sufficiently small
diameter. What this diameter is depends on the average
atomic number of the sample. For Au, 100 nm diameter
NPs gave significant coherent multiple scattering, 2.7 nm
thick films did not. For all materials we expect that
10 nm and smaller particles will scatter kinematically;
and these are precisely in the size-range of nanoparticles
that benefit the most from a PDF analysis22. Obtaining
a good powder average is also a very important part of
powder diffraction regardless of the probing technique,
XRD, ND or ED. This can be easily achieved by using
a large sample volume in ND and spinning the sample
in XRD. However, in ED, both of these methods become
difficult due to the limitations of the configuration and
careful sample preparation in this regard is very help-
ful. Again, for the particular application in nanoparticle
structure characterization, the small size of the particles
means that better powder averages can be obtained even
from small sample volumes. However, the quality of the
powder average should be checked by visual inspection of
the ED images from the CCD, which is readily done as is
evident in the figures in this paper. The powder average
can be improved by increasing the beam-spot size on the
sample and also by taking multiple images from different
regions of the sample and averaging them. The maximum
Qmax attainable is determined by the operational energy,
camera length, dimensions of the detector and the diam-
eter of the microscope, but in general should be maxi-
mized. Our electron microscope configuration equipped
with a CCD camera limited Qmax to ∼ (17− 18) A˚. The
advantage of using a higher Qmax is the better real space
resolution that results in the ePDF. However, standard
microscope configurations naturally give sufficiently high
Qmax values for most applications. Thus there seems to
be no impediment to the use of ED from standard labo-
ratory electron microscopes for quantitative nanoparticle
structural characterization using the PDF.
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7FIG. 1: A comparison between normalized (to f(0)) x-ray
and electron form factors, fx(Q) and fe(Q) of Au.
TABLE I: Refined parameters for 2.7 nm thick nanopartic-
ulate Au film, ∼ 100 nm diameter nanoparticles (NP) from
ePDFs and from a gold nanoparticle sample from xPDFs. The
structure model is the fcc bulk gold structure, space-group
Fm-3m. It was not possible to measure the nanoparticle size
from the ePDFs as we were not able to calibrate the intrin-
sic Q-space resolution of the ED measurement allowing us to
separate the instrumental resolution and particle size effects
in the ePDFs.
ePDF (film) ePDF (NP) xPDF
Qmax (A˚
−1) 15.25 15.25 15.25
Fit range (A˚) 1-20 1-20 1-20
Cell parameter (A˚) 4.075(3) 4.076(2) 4.058(1)
Uiso (A˚
2) 0.033(4) 0.006 (3) 0.014(1)
Diameter (A˚) ∼27∗ ∼1000∗∗ 24.51(9)
Q-damp (A˚−1) 0.095(5) 0.095(5) 0.047(2)
Rw (%) 17 24 20
∗film thickness measured during deposition
∗∗NP diameter estimated directly from the TEM image
8FIG. 2: (a) A TEM image of the 2.7 nm thick Au film used
for ED. (b) A false-color 2D ED pattern collected on this
sample using 200 keV electrons. Lighter colors indicate higher
intensity. The black bar across the middle of the image is
the shadow of the beam-stop. (c) 1D Au electron powder
diffraction pattern obtained by integrating around the rings
in 2 (b). The inset shows the high Q region of the ED pattern
on an expanded y-scale. The dotted lines are guides to the
eye.
9FIG. 3: (a) Reduced structure function, F (Q), of Au ob-
tained from the integrated ED pattern in Fig. 2(c), (b) An
F (Q) of Au nanoparticles calculated from an XRD pattern
collected at X7B at the NSLS. (c) Au bulk structure model
fit to the resulting ePDF from 3(a). (d) Au bulk structure
model fit to the resulting xPDF from 3(b). Observed and
calculated PDFs are presented with blue circles and a solid
red line respectively. The difference between observed and
calculated is offset below (green solid lines). In both cases
used Qmax=15.25 A˚.
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FIG. 4: (a) A TEM image of ∼ 100 nm Au nanoparticles
used for ED. Black dots are the nanoparticles on the grid
and the large white areas are the holes in the grid. (b) A
background subtracted ED image, collected from the same
region of the sample using 200 keV electrons. (c) The 1D ED
pattern obtained by integrating around the rings in 4(b). The
inset shows a magnified region of the integrated ED pattern as
indicated by the dotted lines. This ED pattern clearly suffers
from multiple scattering due to the thickness of the sample.
.
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FIG. 5: (a) The reduced structure function, F (Q), of Au
calculated from the integrated ED pattern in Fig. 4(c), (b)
An F(Q) generated from an integrated Au NP XRD pattern
from a 2D data set collected at X7B at the NSLS. (c) Au bulk
structure model fit to the resulting ePDF from 5 (a). (d) Au
bulk structure model fit to the resulting xPDF from 5 (b).
Observed and calculated PDFs are presented with blue circles
and a solid red lines respectively. The difference between
observed and calculated is offset below (green solid lines).
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FIG. 6: (a) A TEM image of the NaCl film used for ED.
(b) A false-color 2D ED image collected on this sample using
200 keV electrons. Lighter colors indicate higher intensity.
The black bar across the middle of the image is the shadow
of the beam-stop. (c) 1D ED pattern obtained by integrating
around the rings in 6 (b). The inset shows the high Q region
of the ED pattern on an expanded y-scale. The dotted lines
are guides to the eye.
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FIG. 7: (a) Reduced structure function, F(Q), of NaCl ob-
tained from the integrated ED pattern in Fig. 6(c). (b) An
F(Q) of NaCl calculated from an x-ray data set. (c) NaCl
bulk structure model fit to the resulting ePDF from 7 (a).
(d) NaCl bulk structure model fit to the resulting xPDF from
7 (b). Observed and calculated PDFs are presented with blue
circles and solid red lines respectively. The difference between
observed and calculated is offset below (green solid lines). In
both cases used Qmax=13.6 A˚.
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TABLE II: Refined parameters for nanoparticulate NaCl from
ePDFs and for a bulk powder of NaCl from the xPDF. The
structure model is the fcc rock-salt structure, space-group
Fm-3m. It was not possible to measure the nanoparticle size
from the ePDFs as we were not able to calibrate the intrin-
sic Q-space resolution of the ED measurement allowing us to
separate the instrumental resolution and particle size effects
in the ePDFs.
ePDF xPDF
Qmax (A˚
−1) 13.6 13.6
Fit range (A˚) (0.2-30) (0.2-30)
Cell parameter (A˚) 5.62(2) 5.63(1)
Uiso - Na (A˚
2) 0.007(5) 0.027(1)
Uiso - Cl (A˚
2) 0.004(4) 0.016(1)
Q-damp (A˚−1) 0.095(5) 0.06(1)
Rw % 33 6
